The relation between sensory perception of rapid balloon distension of the rectum and the motor responses of the rectum and external and internal anal sphincters in 27 normal subjects and 16 patients with faecal incontinence who had impaired rectal sensation but normal sphincter pressures was studied. In both patients and normal subjects, the onset and duration of rectal sensation correlated closely with the external anal sphincter electrical activity (r=0.8, p<00001) and with rectal contraction (r=0.51, p<0.001), but not with internal sphincter relaxation. AU normal subjects perceived a rectal sensation within one second ofrapid inflation of a rectal balloon with volumes of 20 ml or less air. Six patients did not perceive any rectal sensation until 60 ml had been introduced, while in the remaining nine patients the sensation was delayed by at least two seconds. Internal sphincter relaxation occurred before the sensation was perceived in three of 27 normal subjects and 11 of 16 patients (p<0001), and could be associated with anal leakage, which stopped as soon as sensation was perceived. The lowest rectal volumes required to induce anal relaxation, to cause sustained relaxation, or to elicit sensations of a desire to defecate or pain were similar in patients and normal subjects. In conclusion, these results show the close association between rectal sensation and external anal sphincter contraction, and show that faecal incontinence may occur as a result of delayed or absent external anal sphincter contraction when the internal anal sphincter is relaxed.
The relation between sensory perception of rapid balloon distension of the rectum and the motor responses of the rectum and external and internal anal sphincters in 27 normal subjects and 16 patients with faecal incontinence who had impaired rectal sensation but normal sphincter pressures was studied. In both patients and normal subjects, the onset and duration of rectal sensation correlated closely with the external anal sphincter electrical activity (r=0.8, p<00001) and with rectal contraction (r=0.51, p<0.001), but not with internal sphincter relaxation. AU normal subjects perceived a rectal sensation within one second ofrapid inflation of a rectal balloon with volumes of 20 ml or less air. Six patients did not perceive any rectal sensation until 60 ml had been introduced, while in the remaining nine patients the sensation was delayed by at least two seconds. Internal sphincter relaxation occurred before the sensation was perceived in three of 27 normal subjects and 11 of 16 patients (p<0001), and could be associated with anal leakage, which stopped as soon as sensation was perceived. The lowest rectal volumes required to induce anal relaxation, to cause sustained relaxation, or to elicit sensations of a desire to defecate or pain were similar in patients and normal subjects. In conclusion, these results show the close association between rectal sensation and external anal sphincter contraction, and show that faecal incontinence may occur as a result of delayed or absent external anal sphincter contraction when the internal anal sphincter is relaxed.
hence to continence. This study explores the relation between rectal sensation and the motor responses of the external anal sphincter, internal anal sphincter, and rectum to rapid balloon distension of the rectum in normal subjects and in patients with idiopathic faecal incontinence who have impaired rectal sensation, in order to elucidate the role of rectal sensation in the preservation of faecal continence.
Material and methods

SUBJECTS
Twenty seven normal subjects (20 
PROTOCOL
Anorectal motility was recorded under resting conditions for 30 minutes. The subjects were then instructed to contract their anal sphincter as hard as they could for a period of one minute. This was repeated two more times with gaps of at least one minute between the contractions. After a further five minutes' rest, the rectal balloon was rapidly inflated (about 40 ml per second) with serial volumes of 10, 20, 40, 60, and 100 ml ofair. Each inflation was maintained for one minute, the balloon was then deflated and a gap of at least one minute was allowed before the next inflation. Subjects were asked to press the button of a remote event marker when and for as long as they could feel a rectal sensation, and to report the nature of the sensation (wind, desire to defecate, pain).
ANALYSIS OF RECORDS
The following indices were recorded:
(1) The lowest distending volumes at which the balloon was perceived and sensations of gas in the rectum (wind), a desire to defecate, and pain were experienced. ( 2) The lowest distending volumes required to cause rectal contraction (defined as a phasic increase in pressure on the rectal channel of at least 5 cm water), anal relaxation (defined as a reduction in anal pressure of at least 5 cm water below the baseline), anal relaxation sustained for the period of rectal distension, and an increase in external anal sphincter activity. anorectal motor phenomena at different degrees of distension. The statistical significance of the differences in values for anorectal pressures and their duration between normal subjects and patients was assessed using the F test followed by Scheffes method for multiple comparisons, and differences in rectal sensation were assessed using the Mann-Whitney U test.
Results
RESPONSES TO RECTAL DISTENSION
Normal subjects. All normal subjects perceived a rectal sensation during rapid distension with 20 ml air, and all except three (two women and one man) perceived sensation at 10 ml distension. In every subject, distension was perceived within one second of inflating the balloon. There were close correlations between perception of rectal sensation and the contractile activities of the external anal sphincter and the rectum (Fig 1) . Increases in external anal sphincter activity did not take place unless the subject perceived a sensation, the onset of external anal sphincter response always occurred with the onset of rectal sensation, and the length of the external anal sphincter response was strongly correlated (r=0-8, p<0 0001) with the duration of sensation (Fig 2) . Similarly, rectal sensation was not perceived unless rectal distension elicited rectal contraction. The onset of the rectal contraction always occurred at the same time as rectal sensation and the duration of rectal sensation correlated strongly (r=0-51, p<0001) with the duration of the rectal contractile response, with the values matching in most instances (Fig 3) . Similarly, there was a direct correlation between the duration of the external anal sphincter electrical response and the rectal contractile response to rectal distension (r=0.5, p<0 01) (see Figs 2 and 3) .
Inflation of the rectal balloon with volumes, of 20 ml and above always caused a reduction in pressure in all anal ports (Fig 1) . All except five normal subjects also showed a transient relax- The relation between the duration ofrectal sensation and the duration ofthe increase in electrical activity ofthe external anal sphincter (EAS) during distension ofthe rectum ofnormal subjects with 10 to 100 ml air. The relation between the duration ofrectal sensation and the duration ofthe rectal contractile activity during distension ofthe rectum ofnormal subjects with 10 to 100 ml air.
ation with 10 ml distension ( Table I ). The anal relaxation increased in amplitude and duration as the distending volume increased, achieving the greatest reduction in pressure at an average distending volume of 60 ml and sustained relaxation at 70 ml (Table I ). The relation between rectal sensation and anal relaxation was not as close as it was between rectal sensation and external anal sphincter activity. Although sensation never occurred after anal relaxation had begun, three subjects who did not perceive the balloon at 10 ml distension, showed some anal relaxation at this volume. In contrast, four of the five subjects who did not show anal relaxation with 10 ml distension perceived the balloon at this volume. Normal subjects always perceived a rectal sensation at volumes that were well below those required to cause sustained or the deepest anal relaxation. There was no correlation between the duration of rectal sensation and duration of anal relaxation in any channel. Anal relaxation was always shorter than the duration of rectal sensation, external anal sphincter activity, and rectal responses, all of which were very similar in length.
Patients
Sixteen of 160 patients (10%) referred with faecal incontinence showed impaired rectal sensation during rectal distension. All exhibited a sensory delay of more than two seconds (range, two to 12 seconds) after the onset of the stimulus. Eleven (69%) showed no rectal sensation at 10 ml distension (p<0 001, compared with normal subjects), six (38%) at 20 and 40 ml (p<0001), but all except one patient felt sensation at 60 and 100 ml. As the distending volume increased the sensory delay was reduced in all patients (Fig 4) , and finally abolished in I11 of 16 patients.
As with normal subjects, the increase in external anal sphincter activity in response to rectal distension did not occur until the rectal distension was perceived. A delay in sensory perception was always associated with a similar delay in external anal sphincter activity, distending volumes that failed to induce a rectal sensation also failed to cause any external anal sphincter response (Fig 5) , and the duration of the sphincter response correlated closely with the duration of the sensation (r=0-6; p<0 001).
A similar close relation was observed between rectal sensation and rectal contractile activity (duration: r=0-54; p<0 01) and between external anal sphincter response and rectal contractile response (duration: r=0 5; p<0 01).
Internal anal sphincter relaxation was less closely correlated with rectal sensation or with external anal sphincter activity. Internal anal sphincter relaxation occurred at volumes lower than those required to induce rectal sensation in II of 16 patients in the study group compared with three of 27 normal volunteers (p<0 001) and 16 of 144 patients in the disease control group (p<0 001); and maximum relaxation occurred at volumes below the sensory threshold in two patients in the study group (but in no normal volunteers and in none of the patients' control group). Leakage of fluid from the rectum occurred during rectal distension in five patients, but stopped as soon as they perceived the sensation and the external anal sphincter activity increased (Fig 6) .
There were no significant differences between patients and normal subjects in the rectal volumes required to induce anal relaxation and cause sustained anal relaxation (Table I) The relation between the length ofdelay in rectal sensation and the delay in electromyographic (EMG) activity ofthe external anal sphincter (EAS) in patients during rectal distension with 10 to 100 ml air. oo rectal sensation or no electrical activity ofEAS on x andy axes respectively.
sensation was significantly higher in the patients than in normal subjects, the two groups did not differ with regard to the volumes that induced a desire to defecate (Table I) , or generated pain (25% v 26% at 100 ml of distension, p>0 05).
ANORECTAL PRESSURES
It is notable that in this group of incontinent patients, unlike the remainder of the incontinent group, the sphincter pressure shortly after insertion of the probe (maximum basal pressure), the pressure level at steady state (minimum basal pressure), and the maximum squeeze pressure were not significantly different from normal subjects (Table II) .
Discussion
The results of this study show that normal subjects perceive rapid distension of the rectum promptly at volumes of 10 Figure 6 : Recordings ofanorectal pressures at ports situated 0-5, 1-0, 1 5, 2-0, 2-5, and 4 5 cm from the anal margin (channels I to 6) and the electromyographic (EMG) activity of the external sphincter during distension ofa rectal balloon with 20 ml ofair in a patient with impaired rectal sensation. Note that the rectal distension elicits a phasic rectal contraction and internal anal sphincter relaxation. The rectalpressure is higher than the residual anal pressure at the beginning ofthe distension and leakage occurs. This stops once the subjectfeels the rectal sensation, which triggers the external anal sphincter activity increasing the anll pressure to a value higher than the rectal pressure. suggestion that the external sphincter response to rectal distension is heavily modulated by conscious mechanisms,4 and support an important role for rectal sensation in the preservation of continence when the rectum is rapidly filled with faeces or gas.
To our surprise, we also observed a very close association between rectal sensation and rectal contractile activity, and between rectal pressure activity and external anal sphincter activity. The changes in rectal pressure are not transmitted pressures from the external anal sphincter and associated puborectalis, since the profiles are different and the length of the two events are not identical; so presumably they are caused by contraction of rectal smooth muscle. The close relation between the sensation and both rectal9 and external sphincter motor activities suggests the possibility that the evoked rectal contractile activity may be directly responsible for extending and enhancing rectal sensation and hence external anal sphincter activity -a concept compatible with the function of in series tension receptors.'0 The data would, however, also be compatible with the notion that evoked rectal sensation may lead to rectal contractile activity, or that both effects are induced in parallel by rectal distension.
Rectal sensation was less closely associated with anal relaxation. Most normal subjects perceived sensation before the sphincter started to relax, the rectal volumes required to induce sensation and internal anal sphincter relaxation were often different, and internal anal sphincter relaxation usually lasted for longer than the sensation of rectal distension. Thus, the sensory and external anal sphincter responses to rectal distension do not seem to be directly mediated by relaxation of the sphincter. Nevertheless, the sensory and external anal sphincter responses always occurred at volumes that were much higher than those that caused the deepest or the longest relaxation, and at the highest distending volumes, the external anal sphincter responses were sustained for as long as the internal anal sphincter remained relaxed, maintaining the anal pressure above the pressure in the rectum. These observations illustrate the importance of the external anal sphincter response in preventing incontinence when the rectum is rapidly distended with faeces or gas.
Impaired rectal sensation was found in only 10% of patients referred with idiopathic faecal incontinence. The observation that these patients had normal sphincter pressures emphasises that impaired sensation may be directly related to incontinence in these patients. Five of these patients leaked fluid from the anus during rectal distension, but the leakage was halted abruptly as soon as the subject perceived sensation and contracted the external anal sphincter.
The results in patients reinforced the close association between rectal sensation and external anal sphincter responses observed in normal subjects. External anal sphincter responses occurred only when subjects perceived sensation, and if the sensory response was delayed the external anal sphincter response was delayed to the same extent. The internal anal sphincter responses were not significantly different from those seen in normal volunteers, and thus often occurred at lower volumes than those that induced sensory and external anal sphincter responses. In two patients, maximum internal anal sphincter relaxations occurred at volumes below the sensory threshold. Therefore, the results would support the studies of Wald and Tunuguntla showing that children with meningomyelocele," patients with diabetic neuropathy,'2 and some elderly patients with faecal impaction,'3 whoe have marked impairment of rectal sensation, may suffer from faecal incontinence because they are unable to perceive rectal volumes that can induce profound sphincter relaxation. None of our patients had evidence of neuropathy, however, and their sphincter pressures were within normal range. Moreover, none of our patients had a megarectum, and the rectal volume required to induce anal relaxation and the rectal pressures in patients with impaired sensation were similar to those in normal subjects.
It is important to identify incontinent patients with impaired rectal sensation because the sensory acuity, external sphincter responses, and continence may be restored in many instances by simple retraining techniques." Surgery is often not indicated in these patients because their pressures are normal and there is often no evidence of pelvic floor descent.
